RESEARCH OF BAUXITE DEPOSITS FROM UNDERGROUND MINING WORKS by Ivan Budeš et al.
95-110
95 
The Mining-Geology-Petroleum Engineering Bulletin
UDC: 622.1:622.2
DOI: 10.17794/rgn.2018.3.10
Review scienti? c paper
Corresponding author: Ivo Gali?
ivo.galic@oblak.rgn.hr
Research of bauxite deposits 
from underground mining works
Ivan Budeš1; Ivo Gali?2; Ivan Dragi?evi?3
1 Rudnici boksita Jajce d.d. Jajce, Trg hrvatskih branitelja b.b. Jajce, B&H
2 University of Zagreb, Mining, Geology and Petroleum Engineering Faculty, Pierottijeva 6, 10000 Zagreb
3 Zelinska 2, 10000 Zagreb
Abstract
 This paper presents a new approach to exploring bauxite deposits from underground mining works in the bauxite-
bearing mines of Bešpelj near Jajce in Bosnia and Herzegovina. In the area under consideration, bauxite deposits have 
been investigated and exploited for over 60 years. Despite the high degree of exploration in the geologically complicated 
structures of Bešpelj, there are numerous unexplored reserves. Up to now, they have been mainly investigated by  drilling 
from the surface into the borehole network as dictated by legal geological regulations. Due to the increase in depths on 
which deposits are located and complex structural relationships, such research has become more expensive and less ef-
fective. From a geological point of view, the bauxite deposits have developed in the horizontal position. However, long-
lasting geological evolution from the Upper Cretaceous to the present, has brought deposits in very di? erent structural 
positions. That is why we ? nd them in an inclined position, in subvertical and vertical, and often in an overturned posi-
tion.  For further research to become rational and e?  cient, a new approach of study from underground mining works was 
developed that will serve for study and then for the exploitation of bauxite deposits.
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1. Introduction
In the wider Bauxite area of Jajce, there are numerous 
high-quality bauxite deposits. There are four bauxite-
bearing sites: Crvene Stijene, Poljane, Bešpelj and Lisk-
ovica. Crvene Stijene and Poljane are areas which have 
mostly been studied from the surface, while the remain-
ing deposits of bauxite are exploited by underground 
mining works. The bauxite-bearing areas of Bešpelj and 
Liskovica have not yet been suf? ciently explored. How-
ever, according to well-known geological data, it is as-
sumed that there are still undiscovered, very valuable 
deposits deep beneath the surface of the terrain in all the 
bauxite areas (Farkaš, 2006, Slanc, 2011). These facts 
further justify investment in research.
The area of Bešpelj is characterized by intricate struc-
tural geological relations. Numerous and diverse geologi-
cal investigations have found deposits in inclined, vertical 
and inverse positions. They are located from the surface to 
a depth of several hundred meters. In addition to the de-
posits on the surface of the terrain that represent erosion 
residues, the rest have clearly de? ned stratigraphic under-
lying and overlying rocks. In inclined deposits, they are 
mining underlying and overlying rocks at the same time. 
In the overturned position, the stratigraphic underlying 
rocks become mining overlying rocks and the stratigraph-
ic overlying rocks become mining underlying deposits. In 
the primary, i.e. in the horizontal position, the bauxite de-
posits occupy a signi? cant ground-plan, while in the case 
of the subvertical and vertical position of the deposits, this 
ground-plan has a very narrow elongated octagonal zone 
that closely follows the contact of the underlying and 
overlying rocks. Such a structural pattern has an impor-
tant effect on the path of bauxite deposit studies. If we 
continue drilling research in the well-drilled well network 
from the ground surface, the probability of ? nding a de-
posit in this very narrow and steep zone is reduced to a 
minimum. Increasing depth further increases the quantum 
of research drilling works.
For this reason, a new rational approach to research 
involving a combination of underground mining rooms 
and exploration drills was proposed. It should be noted 
immediately that the underground mining rooms, after 
researching the deposits, are also used for the exploita-
tion of bauxite.
2.  Natural characteristics of the bauxite-
bearing Bešpelj area
2.1 Geographic position
The bauxite area of Bešpelj is located about 10 kilom-
eters north of Jajce and occupies an area of about 20 
km2. The northern boundary of the area is Ugar Canyon. 
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Figure 1: Geographical position and geological map of bauxite areas in Jajce 
(Marinkovi? & Ahac, 1975; supplemented and adapted to Dragi?evi?, 1981, 1987, 1997)
The eastern boundary of the area is Ober Mountain. The 
southern boundary is marked by the steep slopes of Stu-
denac and Debeljak, and the western boundary is out-
lined by the Vrbas River canyon. Bešpelj represents a 
small plateau at an average altitude of about 900 m 
(Dragi?evi? et al., 2003). On the plateau, there are two 
settlements: Donji and Gornji Bešpelj. A transport con-
nection with Bešpelj has been achieved by an asphalt 
road from Jajce via Divi?ani and Kuprešani, at a length 
of 25 km.
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2.2 Geological structure
The geological structure of the broader bauxite area is 
shown in Figure 1. The fundamental geological relations 
are solved by the creation of a basic geological map, 1: 
100,000, the Jajce sheet (Marinkovi? and Ahac, 1975). 
According to this data, the bauxite deposits are related to 
a terrestrial phase, respectively the stratigraphic gap be-
tween the Cenoman-Turonian limestone in the foot wall 
and the Senonian carbonate sediments in the hanging 
wall of bauxite deposits. This is a tectonic-erosive dis-
cordance with an angle of discordance up to 10°.
Structural relations in the area are complicated. The 
main structural deformations are represented by folds 
and faults with a W-E strike. Most of the faults are of the 
reverse type. Folds are asymmetrical to overturned, with 
axial surfaces inclined to the south.
Due to very valuable bauxites, over the past 60 years, 
a wide variety of geological studies have been carried 
out in the Bešpelj area. More precisely, the stratigraphic 
position of the bauxite reservoir was de? ned, along with 
the duration of the stratigraphic gaps. It was found that 
the foot wall of the bauxite is a shallow marine lime-
stone of late Albian age, and the hanging wall sediments 
are represented by heterogeneous carbonate clasts, spo-
radically limestones, of Campanian and Maastrichtian 
age (Dragi?evi?, 1981, 1987, 1997). So the terrestrial 
phase during which bauxites were created lasted about 
18 million years. The special value of these works are 
geological pro? les which, very carefully and on the ba-
sis of the borehole data, give an exact picture of the com-
plexity of the structural relations in the area of Bešpelj. 
The structural position of the base, respectively the con-
tact surface of the foot wall-to-hanging wall is shown in 
detail. Some of the deposits are in a tilted position, most 
of them are very steep to vertical, and part of the depos-
its in the overturned position, which further complicates 
exploration and exploitation (Hajsek, 2005; Gali? et 
al., 2006-1, 2006-2; Dragi?evi? & Veli?, 2006; Budeš, 
2009; Crnoja, 2015).
2.3  The position of the bauxite deposits within 
geological strutures
The primary, i.e. depositional position of all deposits 
is horizontal (see Figure 2a, horizontal). In general, if 
bauxites are in this position, they are not signi? cantly 
affected by tectonic processes. There are no such bauxite 
deposits in the area of Bešepelj. The very common struc-
tural position of the bauxite deposits is that it is inclined 
together with the foot wall and hanging layers (Bár-
dossy, 2013). They are located in the area of Bešpelj 
near the tectonic and erosion boundaries (see Figure 2b, 
inclined). Further tilting of the contact surface between 
the foot wall and the hanging wall of the deposits, re-
sulted in a very steep (subvertical) to vertical position of 
bauxite (see Figure 2c, vertical). Due to further tangen-
tial-compressive tectonic effects, the inverse position of 
the contact surface between the foot wall and the hang-
ing wall layers was formed together with the bauxite de-
posits (see Figure 2d, overturned).
In cases where the deposits are in very steep, vertical 
and overturned positions, the study area becomes a very 
narrow zone extending to the surface along with the car-
tographic line of the transgressive boundary. It should be 
noted that in the overturned positions of the bauxite de-
posits, the stratigraphic underlying rocks (limestone) be-
come mining overlying rocks, and the stratigraphic 
overlying rocks (mainly carbonate clast) become mining 
underlying rocks (Budeš, 2009; Crnoja, 2015). Such 
structural relations make it very dif? cult to study surface 
deposits, so such research is regularly economically un-
justi? ed. This is the reason why a new approach to study 
deposits from underground mining facilities was pro-
posed.
3.  Study of the bauxite deposits 
from underground mining rooms
The ? rst ideas on the study of bauxite deposits from 
underground mining facilities in the area of Bešpelj were 
 a) horizontal b) inclined c) vertical d) overturned
Figure 2: Schematic illustration of the structural position of the bauxite deposits (Budeš, 2009)
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given by Ili? (1989) in the conceptual solution for the 
study and opening of the Bešpelj deposits in the bauxite 
Jajce mine. The methodology was well established, but 
for unknowledges of stratigraphic and thus structural re-
lations directly to the contact surface, the practical ap-
plication of these methods did not yield the expected re-
sults. Namely, the location of the contact surface, which 
is only relevant for locating the base, is changed by 
stretching and tilting from inclined to steeply inclined, 
upright to overturned, and therefore the exploratory drill-
ing needs to be constantly adapted to its structural posi-
tion. It should be emphasized, in particular, that the suc-
cess of these studies depends on the geological mapping 
of the contact surface or underground mining works 
(Hajsek, 2005; Gali? et. al., 2006-1, 2006-2, 2008).
Underground mining study works should be planned 
to be carried out at the contact surface itself and to be 
used as exploitation objects after a deposit is found. Af-
ter a geologist determines the position of the contact sur-
face in relation to underground mining research, the de-
sign of exploratory drilling is being approached. It is 
necessary to carry out drilling with core drilling.
This approach resulted in ? nding new bauxite depos-
its from underground mining works and completing the 
survey of foundations that were only partially detected 
by drilling from the surface. (Dragi?evi? et al., 2007; 
Gali? et al., 2006, 2008).
3.1  Methods of exploratory drilling 
from underground mining sites
a) Drilling down
The explorative drilling down will occur when the 
contact surface is inclined and vertical or approximately 
vertical. Then the upper corridor (780) will be punched 
down (690) and the contact surface will be monitored as 
shown in Figures 3a and 3b.
b) Drilling down and up
The exploration drill downwards and upwards will be 
applied when the contact surface changes the posting 
and tilting position frequently and appears in the over-
turned position. If the exploration corridor moves away 
from the contact surface then it is necessary to create 
access to the contact surface, and then the study mode 
described above (see Figure 4) applies.
c) Drilling upwards
Drilling up is used only in special cases, for example 
when there is an inaccessible terrain and it is impossible 
to drill from the surface, or the deposit is closer to under-
ground mining facilities than the surface, or to prevent 
property-legal relations. In these cases, we have the op-
portunity to drill the existing underground mining facili-
ties to the surface as shown in Figure 5.
 a) inclined surface  b) vertical surface c) overturned surface
Figure 3: Schematic illustration of drilling model from top to bottom (Budeš, 2009)
a)  the position of the bauxite 
deposit in the crest 
of the subsided anticline
Figure 4: Schematic illustration of drilling model when the investigative corridor is away from the contact surface either 
in the underlying or overlying rocks (Budeš, 2009)
b)  the position of the bauxite 
deposit at the core 
of the subsided anticline
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3.2  Examples of application of a new approach to 
the bauxite deposit study
Up until now, in the area of Bešpelj, studies were 
done exclusively by drilling from the surface. Further 
drilling from the surface would be extremely irrational, 
because the cost of research would raise the price of 
bauxite up to 50%. If the costs of exploitation were still 
taken into account, the ? nal result would be disadvanta-
geous and ineffective. Therefore, a new approach to the 
study of the bauxite deposit has been applied, and re-
search has continued with the construction of subterra-
nean and underground corridors which will also open 
the mine. For the purpose of research and later the open-
ing of the mine, corridors will be created to undermine 
the levels of 600, 690 and 780 m. The corridors come to 
the contact surface and then the investigative corridors 
follow the same route. The corridors can be run either in 
the foot wall or in the hanging wall but as close as pos-
sible to the contact surface. Later, during the exploita-
tion phase, investigatory corridors will have the role of 
preparatory corridors, transport corridors and ventila-
tion. Keeping all this in mind, the size and shape of the 
corridor is adapted to modern mechanization. From the 
room, investigative drilling would be made every 40 me-
ters, and exploratory drilling would be created in places 
only where it would be needed (see Figure 6). The size 
of the research chamber is very important because it is 
necessary to mount the exploratory drill sets. However, 
research can be further rationalized if an integral study 
approach to the entire area is assumed that simultane-
ously explores the possibility of the existence of other 
mineral raw materials with bauxite deposits, such as di-
mension stone (Gali? et al., 2015).
Example L-29 deposits
Bauxite Jajce mines have continued bauxite research 
in the area of Bešpelj and new deposits have been found 
and contoured in the last ten years. Studies are conduct-
ed by combined methods, underground rooms and ex-
ploratory drilling from the corridors that are directly ad-
jacent to the contact surface. By constructing the 780 
base and the investigative rooms located at the same 
level, the deposit L-29 (see Figure 7) was found. This 
deposit was completely in the study room, along the 
Figure 5: Schematic illustration of the drilling model bottom-up (Budeš, 2009)
 a) sub vertical surface b) overturned surface
Figure 6: Schematic of study and directional corridors (Gali? et al., 2006)
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contact surface, with three corridors perpendicular to the 
study room and 17 investigative boreholes made of lon-
gitudinal and directional corridors up and down from the 
level of the corridor 780.
4. Expected results
4.1  Model of research bauxite deposits 
from the surface
The basic assumption in this analysis is that prior to 
the commencement of the investigation we have not yet 
determined the existence of any deposits. The aim is to 
determine the existence of bauxite deposits in the ? eld of 
research and the theoretical value of total costs by a cer-
tain research method. Comparing research costs will re-
sult in the effectiveness of the research method.
In order to determine the effectiveness of investiga-
tions, either from the surface or from underground min-
ing, it is necessary to determine or dimension the area of 
research (Haldar, 2013). The research area, hypotheti-
cally, must be identical to drilling from the surface and 
exploration works from the underground. Since the baux-
ite-bearing area Bešpelj is over 5 km long, an area 2,000 
m long and 40 m wide is an example taken for analysis. If 
a proper network of investigative boreholes 40 x 40 m is 
set, a total of 100 investigative boreholes will be obtained, 
which need to be drilled from the surface.
In addition to the dimensioning of the research area, it 
is also necessary to determine the depths (levels) at 
which investigations will be carried out both from the 
surface and in the underground. For this analysis, it was 
determined that the drilling depths are: 90, 180, 270 and 
360 m. Drilling depths are appropriate to the altitude 
where the main corridors will be.
The drilling price on the core, from the surface, 
amounts to an average of 100 € / m, up to 200 m in depth. 
The drilling price, from the surface, increases with depth 
at 25 € / 1oom. Surface research should also make an 
access road to the drilling site. The cost of developing 
access roads is 100 € / m.
4.2  Model of research bauxite deposits 
from underground mining facilities
The study from underground mining works will be 
made from the corridors which will be at levels 780, 
690, 600 and 510 m. The length of the longitudinal in-
vestigative corridors will depend on the level at which 
they will be punched and will be:
– 2600 m for corridor 780
– 4100 m for corridor 690.
– 6200 m for corridor 600
– 8300 m for corridor 510.
The price of one meter of corridor is 400 €. Investiga-
tive boreholes are planned every 40 meters along the cor-
ridor, as well as for surface drilling but only in one row, 
directly in the contact surface. There is no need for drill-
ing in a second row because knowledge of structural and 
stratigraphic relations with the contact surface will be able 
to determine whether there is a bauxite deposit at that po-
sition. The drilling length is approximately 96 meters be-
tween the two main corridors because the slope of the 
contact surfaces of about 70° and about 96 m from the 
surface 780. This will effectively study the contact surface 
from level 510 to the surface area (870 m above sea level) 
and determine if there is a bauxite deposit in the area.
Accordingly, drilling will be performed on 50 locations 
in the length of a total of 360 meters. The drilling price on 
the core from underground mining works is 40 €/m.
Figure 7: Example drilling pattern on bauxite deposit L-29 (Dragi?evi? et al., 2007; Gali? et. al., 2008)
 a) geological map b) geological pro? le
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Table 1: Dependency of cost of site and depth of research
Depth
Investigations from the surface Investigations from underground rooms















€/m’ cost € €
90 9000 100 900000 2500 100 3E+05 1 150 000 4790 40 191595 2600 400 1040000 1 231 595
180 18000 100 2E+06 2500 100 3E+05 2 050 000 9580 40 383190 4100 400 1640000 2 023 190
270 27000 125 3E+06 2500 100 3E+05 3 625 000 14370 40 574786 6200 400 2480000 3 054 786
360 36000 150 5E+06 2500 100 3E+05 5 650 000 19160 40 766381 8300 400 3320000 4 086 381
However, there are additional costs involved in drill-
ing chambers in the underground room study. Since the 
drilling chambers will not be made at each drilling posi-
tion, but only in the required places where the corridors 
are to move away from the contact surface. It is assumed 
that, in the most unfavourable case, it will be necessary 
to make 40 chambers on four corridors (780, 690, 600 
and 510).
The size of the chamber must be large enough to have 
a drill set in them. For the production of 20 chambers 
with a length of 5 meters on average, it is necessary to 
create 100 meters of corridor. The price of a corridor is 
400 €/m.
4.3  Results of the bauxite deposits research 
model analysis
Based on the input data described in the research 
models, cost analysis was performed. The results of the 
analysis are shown in Table 1.
The total exploration costs of the assumed area from 
underground mining facilities, up to a depth of 180 m, 
are slightly higher than the cost of study from the sur-
face. However, with a 190 m depth increase, surface ex-
ploration costs exceed the costs of exploration in under-
ground mining facilities.
With the increase in the depth of the deposit or the 
length of the investigative boreholes, over 200 m’ unit 
drilling price increases as the diameter of the introduc-
tory column increases. Therefore, with an increase in 
depth, the amount of exploration cost from the surface 
increases considerably compared to the study of under-
ground rooms, as shown in Table 1 and Figure 8.
However, exploratory drilling from the surface does 
not follow the tilt of the contact surface and is therefore 
much more unreliable than underground research. In the 
underground study, opening and processing facilities are 
also preparation for the exploitation of the deposit and 
thus represent a large savings in total costs.
It can be established that after a certain depth of the 
study it is more cost-effective to create underground 
rooms than make drilling boreholes from the surface. It 
can be established that, after a certain depth of the study, 
it is more pro? table to create underground rooms than 
drill boreholes from the surface.
Figure 8: Diagram of the cost of surface and underground 
exploration
5. Conclusion
The Bešpelj exploitation ? eld has been exploiting 
bauxite for many years now, but studies conducted so far 
have shown that there are still more valuable bauxite de-
posits in this area.
For a long time, detailed studies have been done by 
drilling from the surface. Due to complicated structural 
geological relations, inclined to vertical and overturned 
positions of the bauxite deposits, it was necessary to de-
vise a new approach to the research of deposits. Investi-
gative drilling from the surface to deep bauxite deposits 
is expensive and irrational. Therefore, a new approach to 
the study involving underground mining rooms and ex-
ploratory drilling from these rooms was proposed. The 
contact surface of the underlying and overlying rocks of 
the bauxite deposits is a steep but variable slope by pro-
viding and tilting. Therefore, with the creation of under-
ground mining rooms, geological mapping has to be car-
ried out with the aim of further routing works.
In this paper, the presented concept of research by 
making investigative boreholes from longitudinal corri-
dors directly to the contact surface gives great probabil-
ity of ? nding new bauxite deposits.
Analysing the economic indicators, it was found that 
the cost of underground mining study was nominally 
lower than the surface study drilling because part of the 
cost is the preparation for the exploitation of bauxite. 
The proposed approach can be used to determine the 
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boundary depth of the study under which much more 
favorable research from underground mining works, 
even if the underground rooms are designed as intended 
for exploration drilling rooms.
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